directly measures the electron+positron cosmic rays flux up to 20 TeV. With its proton rejection capability of 1 : 10 5 and an aperture of 1200 cm 2 ·sr, it will provide good statistics even well above one TeV, while also featuring an energy resolution of 2%, which allows it to detect fine structures in the spectrum. Such structures may originate from Dark Matter annihilation or decay, making indirect Dark Matter search one of CALET's main science objectives among others such as identification of signatures from nearby supernova remnants, study of the heavy nuclei spectra and gamma astronomy. The latest results from AMS-02 on positron fraction and total electron+positron flux can be fitted with a parametrization including a single pulsar as an extra power law source with exponential cut-off, which emits an equal amount of electrons and positrons. This single pulsar scenario for the positron excess is extrapolated into the TeV region and the expected CALET data for this case are simulated. Based on this prediction for CALET data, the sensitivity of CALET to Dark Matter annihilation in the galactic halo has been calculated. It is shown that CALET could significantly improve the limits compared to current data, especially for those Dark Matter candidates that feature a large fraction of annihilation directly into e + + e − , such as the LKP (Lightest Kaluza-Klein particle).
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Introduction
The CALET cosmic ray experiment [1] can play an important role in indirect Dark Matter search, as it will provide the first direct measurement of the TeV region of electron+positron cosmic rays. With its high energy resolution, it has the best potential to detect structures originating from Dark Matter annihilation or decay, discerning them from astrophysical sources. Dark Matter search in the high-energy electron spectrum is distinguished from indirect Dark Matter search in the γ-spectrum by the rather short propagation distance of electrons in the galaxy, which makes the expected signal rely on the local and nearby Dark Matter density, instead of the density at the Galactic Center or other distant overdense regions, such as dwarf galaxies. Measurement of the local Dark Matter density by star movement [2] allows to determine the Dark Matter density within 1-2 kpc distance from Sun, matching the approximate range of electron propagation. The precision of this measurement improves steadily by observation and new analysis methods [3] , and gives an estimate of the density independent of the large uncertainty from the simulation-derived halo models. Direct search, while also tied to the local density, depends on the scattering of Dark Matter with nuclei and thus probes a different set of Dark Matter properties. On the other hand, looking for Dark Matter signatures in electron and positron cosmic rays requires to take into account the excess in the positron fraction, discovered by the PAMELA experiment [4] and currently measured with highest statistics by AMS-02 [5] . The AMS-02 collaboration proposed the excess to be caused by a single power law extra source with an exponential cut-off [6] , emitting an equal flux of electrons and positrons. To investigate the sensitivity of CALET to Dark Matter annihilation signatures, the parametrization introduced by this approach is extended to the total electron+positron flux and to include propagation effects at higher energies. The parametrization together with the AMS-02 total electron+positron flux up to one TeV [7] is used to extrapolate this scenario into the yet unknown TeV region, assuming that the extra component is purely from a nearby pulsar. The parametrization and choice of parameters are compared to numerical propagation calculations, showing that the chosen scenario is in agreement with generally accepted parameters for propagation and the injection spectra of the background flux and the extra source. Based on this prediction, the expected CALET total flux measurement results for 5 years of data-taking were simulated. Adding a hypothetical additional component from Dark Matter, the limits that could be set on annihilation of several Dark Matter candidates have been calculated, under the condition that CALET data will match the pure pulsar case.
Parametrization of the Local Cosmic Ray Spectrum
To determine the minimum contribution from Dark Matter annihilation to the electron and positron flux which is undiscoverable by a given cosmic ray experiment against a variable background, a parametrization of the local flux with terms for all relevant cosmic ray components is required. It has to be sufficently precise to match current measurements to provide a valid background case, and should be compatible with generally accepted cosmic ray acceleration and propagation models. To describe the local cosmic ray electron and positron spectrum with a primary component originating from distant supernovae and a secondary component from nuclei cosmic rays interacting with the interstellar medium in a parametrization, two power law indices γ e and γ e + and two coefficients C e and C e + for the combined electron+positron and positron-only flux are required. Radiative energy losses of this diffuse background spectrum are modeled as an exponential cut-off at around energy E cut d .
The scenario of a single pulsar as extra source is parametrized by a power law term for both electrons and positrons with index γ s , coefficient C s and cut-off energy E cuts . For the purpose of studying CALET's sensitivity to it, a component from Dark Matter annihilation Φ DM scaled by a Boost Factor BF is introduced, so that the total flux is given by:
With both Dark Matter annihilation and the pulsar emitting an equal ratio of electrons and positrons, the positron fraction is calculated as:
2) The independent parameters BF , C e , γ e , Cs Ce , γ s − γ e , E cuts , C e + Ce , γ e + − γ e , E cut d define this model, together with Φ DM (E) which depends on the Dark Matter candidate and is calculated using DarkSUSY [8] assuming NFW profile [9] and a local Dark Matter density ρ 0 = 0.3 GeV cm −3 . As the signal mostly orginates from a region of a few kpc around the Solar system, the choice of halo model is not crucial, and the results for signal and sensitivity scale with ρ 2 0 . The calculated Dark Matter spectra are smeared with a Gaussian distribution of 2% width to take the energy resolution of CALET into account.
In order to determine the background models for the sensitivity calculation, a combined fit of Formula (2.2) to the AMS-02 positron fraction, and Formula (2.1) to the AMS-02 or Fermi-LAT total flux [10] data is done. Because charge-dependent solar modulation changes the measured flux and positron fraction below 10 GeV [11] , only data-points above 10 GeV were used in the fit. The cut-off energy E cut d cannot be determined well by the fit, since it has influence only at high energy. It was fixed to 2 TeV and the applicability of the exponential term confirmed by numerical simulation results (described in section 4.1). The fit quality also changes only marginally with E cuts . This is shown in Figure 1 for three discrete values (0.6 Figure 1 . Best fit results for the single pulsar extra source to AMS-02 positron fraction data in combination with AMS-02 total flux data (AMS/AMS-Fit) and Fermi-LAT total flux data (AMS/FermiFit). As shown in the legend, the extra source cut-off energy E cut does not significantly change χ 2 , and therefore cannot be well determined by the fit for either case. γ e + − γ e is set to -0.4 .
TeV, 1.0 TeV and 1.4 TeV), which are accordingly used as independent background cases in the sensitivity calculations. The parameter γ e + − γ e , which describes the slope of the positron fraction without additional source, has only significant influence below 10 GeV, making it also unobtainable by the fit. With the secondary positrons originating from interaction of primary protons with the interstellar medium, γ e + − γ e is close to −δ, the exponent determining the diffusion coefficient's energy dependence. By this relation, its range is constrained -0.3 to -0.7, and the discrete values -0.3 , -0.4 , -0.5 , -0.6 and -0.7 were studied independently.
The single pulsar scenario without Dark Matter gives a good fit well below 95%CL exculsion for all of the studied fixed values of the nuisance parameters. The fitted parameters are given in Figure 2 , showing that the AMS-02 total flux measurement favours a softer background spectrum index γ e with accordingly larger coefficient C e compared to Fermi-LAT. The positron fraction is nearly identical for both cases, as reflected by similar values for the relative fit parameters Cs Ce , γ s − γ e , C e + Ce . As a consequence, also the extra source term γ s of the AMS/AMS-fit is softer and C s larger than for the AMS/Fermi-fit.
Method of Dark Matter Sensitivity Calculation
As starting point for the Dark Matter sensitivity calculation serve the fits of the single pulsar case without the Dark Matter term to AMS-02 data shown in Figure 1 . To these background cases, the Dark Matter term is added both in total flux and positron fraction, and BF increased in steps until the resultant χ 2 is larger than the critical 95%CL χ 2 value for the number of free parameters in the fit. After each increase of BF , all free parameters of the parametrization are optimized again to adapt them to the newly added Dark Matter component. Contrary to the fit of the background case, E cuts is also treated as a free parameter. To obtain the required precision at acceptable calculation time, BF is increased in steps of 500 at first. Once surpassing the 95%CL threshold, BF and the fit paramters are reset to the values of the previous fit, from where BF is increased in steps of 25. In the same way the step size of BF is decreased to 1 and finally 0.05 with the boost factor of the final fit with χ 2 below 95%CL being the predicted limit result.
The large number of free parameters causes several pitfalls which had to be considered in devising the fitting procedure. The best value of χ 2 may not depend significantly on one or more of the parameters, but not a true and unique χ 2 minimum, but any set of parameters with χ 2 below 95%CL confirms that the assumed value of BF is not excluded. Since the "Migrad" algorithm of Minuit may fail if if there is no true minimum in all dimensions, the fitting resorts to the "Simplex" algorithm in that case, avoids aborting the fit due to nonunique minima. As both algorithms follow largely the gradient of the minimized function, attention has to be paid to the fit's starting point. In each step, the solution of the last fit with slightly smaller Dark Matter contribution is used as one start point, but another fit starting from the initial best fit parameters without Dark Matter is attempted, chosing the one with the lowest χ 2 . By this, the stable solution of an steady increase of the Dark Matter component is followed, while allowing the parameters to jump to a different solution if it provides a better fit. To ward against reporting too stringent limits due to a failed fit, it is confirmed that χ 2 of the final fit is within 5% the 95%CL threshold, which indicates a steady increse with BF . The limits on BF obtained by this method are translated into limits on speed-averaged x-section < σv > by multiplication with < σv >= 3 · 10 −26 cm 3 s −1 , the value for which the Dark Matter flux Φ DM is calculated.
To simulate CALET data, statistical fluctuations to the expected event rates were taken into account by generating 100 event samples for the assumed single pulsar case. Event energies are randomly generated with the distribution of the predicted signal for 5 years of data-taking, which assumes an aperture of 1200 cm 2 · sr for CALET [12] and a reconstruction efficiency of 90%. This is done by using a very fine binning of 1000 bins per decade for which the number of events in each bin is randomly selected using a Poisson distribution around the expected number of events n (Gaussian if n > 50), and each event assigned a random energy within the bin's boundaries. The energies of the events in each sample are then filled into energy bins again to create a dataset equivalent to what will be expected from analysis of the actual CALET data. For the data samples used in this study, the binning is 20 bins per decade for a total of 60 bins from 10 GeV to 10 TeV, which was estimated to be suitable for the applied χ 2 analysis.
The expected limits are determined by performing the above described fitting procedure for each sample, and taking the average BF value. Also limits from current data are calculated using the AMS-02 total flux measurement, in order to calculate the improvement expected through the addition of CALET data, since published limits using similar methods [13] [14] differ in various assumptions, most notably the value of ρ 2 0 , background parametrization and used data ranges.
Verification of Parametrization and Methods

Comparison of the Parametrization to Propagation Simulation Results
To ensure that the adopted parametrization is in accordance with current models of cosmic ray propagation, simulations with DRAGON [15] were done. DRAGON was chosen instead of GALPROP [16] , because it features a non-equidistant spatial grid and furthermore allowed the primary electron source distribution to be modeled according to the galaxy's spiral arm structure described in Ref. [17] . The injection spectrum index for electrons γ ie is choosen equal to the index for nucleons γ in by default, which implies γ e + − γ e equal to -δ. To reproduce the proton spectrum measured by PAMELA [18] , γ in = −2.8 + δ is required, where δ is the exponent in the diffusion coefficient's energy relation, D = D 0 · (E/E 0 ) δ , with E 0 = 4 GeV. For D 0 , values from 2.7 · 10 28 cm 2 /s to 7.2 · 10 28 cm 2 /s were considered. Under these conditions, good agreement for the background as shown in Figure 3 between DRAGON and the parametrization fit to AMS-02 data equally in positron fraction and total flux is only given for γ e + − γ e = −δ = -0.4 (D 0 = 6.2 · 10 28 cm 2 /s), which was therefore chosen as the default case. The exponential cut-off due to energy loss in the parametrization is confirmed, with best agreement if the parameter E cut d is set to 2 TeV.
The astrophysical extra source case was implemented by simulating the Geminga pulsar wind nebula (PWN) at a distance of 0.25 kpc and with an age of 342 kyr and the Monogem PWN at a distance of 0.28 kpc and an age of 86 kpc, using the information from the ATNF catalog [19] . Following [20] and [21] , the accelerated particles are assumed to be initially trapped in a pulsar wind nebula (PWN) and accumulated over the lifetime of the PWN, for which two values (10 kyr,40 kyr) were considered. When the PWN dissolves, they are released with the intensity attenuating exponentially, the decay constant being 10 kyr. From a scan over the injection power law index γ is in steps of 0.1 and cut-off energy E cut i at values 1 TeV, 3 TeV and 10 TeV, best agreement is given for γ is = 2.1 and E cut i = 10 TeV for Geminga with a lifetime of 40 kyr, and γ is = 2.3, E cut i = 3 TeV for Monogem with a PWN lifetime of 10 kyr. For these calculcations, the galaxy within in a region of 32 x 32 x 12 kpc was simulated on a three-dimensional grid with a basic grid size of 0.5 kpc. As this grid is too coarse to reliably simulate propagation in the vicinity of the solar system, a non-equidistant grid was used. For calculations of the background from distant supernovae, the grid size is reduced in steps down to 0.05 kpc near the solar system, for calculation of the nearby point source, it is reduced to 0.01 kpc near the source and the solar system.
While the spectrum of the older Geminga pulsar shows a cut-off from radiative energy loss upward of 500 GeV, is the Monogem spectrum in full agreement with the parametrization assuming E cuts = 1 TeV, demonstrating that though the spectrum in the TeV region is unknown yet, the parametrized single pulsar case is a viable scenario. The Dark Matter flux is taken from DarkSUSY, which in the used default setting treats particle propagation analytically with δ = 0.6 and D 0 = 2.5 ·10 28 cm 2 /s. It is shown in Figure 4 , that variation of the propagation parameters has little influence on the propagated annihilation spectra except for low energy. As demonstrated by Figure 5 on the example of the current AMS-02 limits, the used default setting gives a rather conservative limit, very close to that of the δ = 0.4 , D 0 = 6.2 · 10 28 cm 2 /s case.
Influence of Propagation Parameters on the Annhilation Spectra
Expected Limits on Dark Matter Annihilation from CALET Data
In Figure 6 , the current AMS-02 limit and predicted AMS-02 + CALET limits under different assumptions ar shown for the 100% µμ-channel, which was selected as a standard case due to its averagely hard/soft spectrum and the availability of reference results from other publications [22] [23] [24] . The expected limits have no significant dependence on γ e + − γ e . Their shape depends on the initial value of E cuts as it influences for which mass the Dark Matter spectrum is closest to the assumed pulsar spectrum. Choosing the AMS/Fermi background case instead of AMS/AMS results in a slightly different, but comparable predicted limit. Figure 7 gives an overview of the expected limits for Dark Matter annihilation purely into leptons. It is shown that by combination of CALET data with AMS-02 positron fraction, the limits on Dark Matter annihilation can be improved for all studied Dark Matter candidates, which is foremost attributed to better statistics of the CALET total flux data over the whole energy range. The similiarity of the τ + τ − -channel's spectrum to the pulsar spectrum results in a generally weak limit with a dent just above 1 TeV, where the combination of Dark Matter annihilation and a modified pulsar spectrum matches the assumed spectrum best. While current AMS-02 data allows the positron excess to be fully attributed to τ + τ − -channel Dark Matter annihilation, the very strong limits from γ-ray observation of dwarf galaxies by Fermi-LAT [25] , despite systematic uncertainties, most likely rule out that scenario already. The annihilation branching ratios for these Dark Matter candidates are assumed as follows:
The branching ratio for LKP was taken from [26] , with the channels in brackets not contributing to the signal due to being considered marginal and thus having not been implemented in the used DarkSUSY routines for positron flux calculation [8] .
For LKP and annihilation to e + e − the improvement from current limits is around half an order of magnitude for most of the studied Dark Matter mass range, for the latter reaching up to a full order of magnitude above 2 TeV. This is due to these cases featuring a sudden drop of the spectrum at the energy matching the mass of the Dark Matter particles, which causes a mismatch with the single pulsar assumption, since in contrast to AMS-02 data, the CALET data extends up to this energy with good statistics and energy resolution. The Supersymmetric Dark Matter candidates exhibit also a strong expected improvement of the limit for a Dark Matter mass above 1 TeV, at which the high number of comparatively low energy electrons from hadronic showers in the decay of the primary annihilation products (quarks and gauge bosons) starts to create an significant excess above 10 GeV, the lower boundary of the used energy range.
Conclusion
CALET will measure the total electron+positron flux up to 20 TeV with good statistics and energy resolution even in the TeV region. Assuming the positron excess is caused by a single nearby pulsar, the limits obtainable from CALET's measurement on Dark Matter annihilation purely into leptons, as well as for LKP, Gaugino and Higgsino Dark Matter with mass from 100 GeV to 4.8 TeV have been calculated. Their reliability with regard to nuisance parameters, and the agreement of the used parametrization with numerical propagation calculation were confirmed. If CALET data is found to match the single pulsar scenario, it will be possible to set significantly more stringent limits on Dark Matter annihilation compared to current experimental data, especially for annihilation to e + e − and LKP. Though strong limits from γ-ray observation of the galactic center and dwarf galaxies exist, they strongly depend on the assumption for the Dark Matter halo profile. Observation of electron and positrons in the upper GeV and TeV range is on the other hand sensitive to the local and nearby Dark Matter density, providing an important complementary way of indirect Dark Matter search. CALET is optimized to detect nearby supernova remnants [27] , making it possible to include them in the background model for Dark Matter search when CALET data becomes available. While the presented sensitivity assumes the positron excess is not caused by Dark Matter at all, the actual CALET data may hint at Dark Matter partially contributing to the positron excess or even causing it completely, for example in the form of decaying Dark Matter [28] , in which case CALET data will be analyzed for discovering the signatures of these scenarios.
